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Characterization and distribution of interstitial cell types in the renal
cortex of rats. A precise classification of the cellular components of the
cortical peritubular interstitium is missing in spite of its physiological
and pathophysiological importance. By combining electronmicroscopy
and immunohistochemistry we attempted to better identify and localize
the different interstitial cell types in rat kidney, with special attention to
the cortex. Antibodies against common leukocyte antigen (OX 1), a
rnacrophage antigen (ED 2), MHC class H antigen (0X6) and ecto-5'-
nucleotidase were applied to cryostat sections. The two latter antibod.
ies were used additionally in electron microscopy. Four groups of cell
types were identified that displayed distinct antigenic patterns, distri-
butions and morphological features. They were identified as fibroblasts,
dendritic cells, macrophages and lymphocytes. Fibroblasts and den-
dritic cells constituted the most abundant cell types in the cortex and
outer medulla, and they were rather uniformly distributed in these
zones throughout the peritubular interstitium, where macrophages were
very scarce. The latter were abundant in the connective tissue of large
vessels and of the pelvic wall. The incidence of lymphocytes was
generally low. These data may be helpful on the one hand for the further
phenotypic characterization of renal interstitial cells and on the other
hand for the evaluation of the roles of those cells in pathological
processes.
The renal peritubular interstitium is involved in virtually all
functions of the healthy kidney as well as in many pathological
events. A transit across the interstitial extracellular compart-
ment is obligatory for all substances transported from tubules to
blood and reciprocally as well as for many regulatory sub-
stances from their site of production to their site of action [1—31.
Involvement of the peritubular interstitium constitutes a major
factor determining the issue of renal failure [4]. The cells of the
interstitium besides taking part in the modeling of the extracel-
lular matrix play a role in the production of regulatory sub-
stances and in immune processes [I]. Classically a distinction
has been made between two types of interstitial cells in the
cortex and in the outer medulla of the normal kidneys of
rodents. One type, which is characterized by a stellate shape
with many elongated cytoplasmic processes, has been com-
monly termed fibroblast, fibrocyte or fibroblast-like cell [1, 3,
5—7] but also sustentacular cell [8]. That terminology implies a
predominant role of the cells in the production of the extracel-
lular matrix and in the maintainance of the cohesion of the
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tissue. Another type of cell has been described as displaying
roughly round or oval profiles with few thick cytoplasmic
processes. They have been termed mononuclear cells [3, 7],
macrophages [1], histiocytes [6], or free cells [8]. The first three
names suggest a role in immunity. These two groups of cells
have also been classified respectively as type I and type 2
interstitial cells [3, 9]. The type 1 interstitial cells display a
special morphology in the inner medulla, where they are
characterized by lipid inclusions and by a regular arrangement
[1, 3, 7, 9, 10]. Although the classification of peritubular
interstitial cells may thus appear straightforward, clear criteria
for the identification of individual cell types are lacking. Fur-
thermore, the group of mononuclear cells comprises different
cell types. The need for better criteria of identification of renal
interstitial cell populations is evidenced for instance by the
findings of Sundelin and Bowman [9]. According to these
authors type 1 interstitial cells, which display many character-
istics of fibroblasts [1, 3, 9], display high levels of MHC class II
antigen, a characteristic of dendritic cells [11].
In the present study we attempted to obtain additional and
new information on the distribution and on the morphology of
renal interstitial cells by taking advantage of antibodies that are
supposedly specific for fibroblasts and antibodies that bind to
specific antigens on mononuclear cells. The main emphasis was
on the renal cortical interstitium. Four groups of cell types each
with characteristic morphological features, antigen and distri-
bution patterns, were distinguished.
Methods
Animals
We used untreated male Wistar rats of 180 to 250 g body
weight fed a standard laboratory chow. They were fasted
overnight prior to sacrifice.
Fixation of the tissue
The kidneys were fixed by vascular perfusion via the abdom-
inal aorta. The fixation protocol as well as the detailed compo-
sition of the fixation solution has been given previously [12].
For immunocytochemistry the fixation solution contained ei-
ther 3% paraformaldehyde or 2.5% paraformaldehyde and 0.1%
glutaraldehyde. Kidneys fixed with the latter fixative were used
also for routine electron microscopy.
709
710 Kaissling and Le Hir: Renal interstitial cells
Fig. 1. Overview on the distribution of the common leukocyte antigen, CD 45 (A and D), the MHC class ii gene product (B), the
ecto-5'-nucleotidase (C), and the macrophage antigen ED2 (E) in the renal cortical interstitium, revealed by immunohistochemistry using
gold-labeled secondary antibodies and enhancement with silver, viewed with epipolarization. Abbreviations are: G, glomeruli; A, arcuate artery;
P, pelvic wall; PT, proximal tubule. A—C: Mideortical region. A. CD 45 positive cells in the peritubular space with extensive cell processes; a few
cells with round profiles (arrow) are occasionally accumulated in small groups; a few positive cells are found also in glomeruli. B. The distribution
of MHC Il-positive cells is similar as that of CD 45-positive cells. Only dendritiform profiles with slender processes are visible. C. The fine
processes of ecto-5'-nucleotidase-positive interstitial cells form a dense network bridging the peritubular space; the brush border of proximal
tubules is also ecto-5'-nucleotidase-positive. D, E. Deep cortical region and pelvic wall. D. CD 45 positive cells are regularly distributed within
the peritubular space but they are relatively scarce in the connective tissue sheath (arrow) of larger arteries at the cortico-medullary border and
of the pelvis. E. ED 2-positive cells are absent from the peritubular space but they occupy the periarterial connective tissue sheath and the
connective tissue of the pelvic wall. Note the large size of the cellular proffles, their fuzzy borders, and the absence of long slender processes. A-C.
Consecutive 8 m thick cryostat sections; magnification -'-225 x; D, E: consecutive 8 m thick cryostat sections; magnification —90 x; bars =
100 m.
Antibodies
The anti-ecto-5'-nucleotidase mono- and polyclonal antibod-
ies have been described previously [12, 13]. Monocional anti-
bodies against CD 45, the common leukocyte antigen (OXL),
and against MHC class II gene product (0X6) were purchased
from Sera-Lab Ltd. (Crawley Down, Sussex, UK). Antibodies
against a membrane antigen on rat macrophages (ED 2) were
obtained from Serotec (Oxford, UK). For detection of the
binding sites we applied secondary antibodies, labeled with
either fluorescein isothiacynate [FITC-conjugated F(ab')2 frag-
ment of goat anti-mouse immunglobulins; DAKO, Glostrup,
Denmark], or with biotine (affinity purified goat anti-mouse
IgG; Biospa Division, Milano, Italy). Biotinylated antibodies
were visualized with streptavidin-Texas red (Amersham, Buck-
inghamshire, England, UK) or streptavidin-gold (particle size 5
or 15 nm, Auroprobe TM EM Streptavidin, Amersham). For
light microscopy the labeling with gold was enhanced by silver
(IntenSETM M Silver Enhancement Kit, Amersham).
Immunohistochemistry: Light microscopy
For standard cryosectioning perfusion-fixed kidney slices,
displaying cortex, outer and inner medulla were frozen in liquid
propane as described previously. Sections 5 to 8 pm thick were
cut in a cryostat and transferred onto chrome-alum-gelatin
coated slides. Consecutive sections were labeled with the
monocional antibodies OX1, 0X6, ED 2 and against the ecto-
5'-nucleotidase. Double labeling was performed with a poiy-
clonal rabbit antiserum against ecto-5'-nucleotidase and each
one of the monoclonal antibodies. The dilution of the anti-
ecto-5'-nucieotidase rabbit serum was 1:10,000. The immuno-
cytochemical incubations were made according to routine pro-
cedures. In all cases, the secondary antibody was preadsorbed
to normal rat serum [13]. For nuclear staining 4' ,6 diamidino-
2-phenylindoledihydrochioride (DAPI; Boehringer, Mannheim,
Germany) 2 mg/mi was added to the secondary antibody.
For semithin cryosectioning small tissue blocks of about 2
mm sidelength were immersed in 2.3 M sucrose for at least one
hour prior freezing in liquid propane. Sections of 1 m thick-
ness were made with an ultramicrotome (Ultracut E, Reichert-
Jung, Austria), equipped with a freezing chamber (FC 4,
Reichert-Jung). The sections were stained as described above.
The sections were mounted in DAKO-Glycergel (Dakopatts,
Glostrup, Denmark) with 2.5% 1 ,4-diazabiciclo[2.2.2]octane
(DABCO, Sigma, St. Louis, Missouri, USA) added as the
fading retardant.
Control incubations were made by using nonimmune serum
in equal concentrations as the immune serum, by omission of
the primary antibody and by using other monoclonal antibodies
with an established binding pattern in the kidney.
Evaluation of the sections was made with a microscope
(Polyvar I, Reichert-Jung) using bright field illumination, epi-
fluorescence and epipolarization. Double labeling was assessed
with a combined filter for FITC and Texas red.
Im,nunohistochemistry: Electron microscopy
Electron microscopic immunohistochemistry was made using
the pre-embedding technique. Tissue slices (30 to 60 m thick)
were prepared with a vibratome and cut into small pieces of
about 1 mm side length. After rinsing in 50 m NH4CI in PBS
the pieces were incubated in the primary antibodies for about 16
hours at 4°C. Single labeling as well as double labeling with
anti-ecto-5'-nucleotidase antiserum and anti-MHC II monoclo-
nal antibodies were performed. After repeated rinsing incuba-
tion with the respective secondary antibodies, labeled with gold
(5 and 15 nm) took place for at least two hours. After thorough
washing with PBS the pieces were dehydrated, placed as pellets
into the tip of flat embedding molds and embedded in epoxy
resin according to routine procedures. Only structures at the
border of the profiles of the individual small pieces were
evaluated.
Routine electron microscopy
For purely structural study of the interstitial tissue about 0.5
mm thick slices of 4 x 5 mm sidelength were flat-embedded in
epoxy resin according to routine procedures. The sections were
studied using an Philipps 300 or 420 electron microscope.
Results
Light microscopy
Distribution of antibodies against mononuclear cells. The
common leukocyte antigen, CD4S, is assumed to be present on
all bone marrow-derived mononuclear cells [14], but to be
absent on activated macrophages. CD 45 positive cells were
present within the peritubular space in all renal zones, within
the perivascular connective tissue and in about two-thirds of the
glomerular profiles (Fig. 1 A, D). Focal accumulations of CD
45-positive cells were frequently observed within connective
tissue of the pelvic wall (Fig. 1D) and in the renal capsule.
Neither epithelial nor vascular cells were labeled by this anti-
body.
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Inspection of sections at low magnifications gave the impres-
sion that the peritubular interstitial space in the cortex and in
the outer stripe was largely occupied by CD 45-positive cells.
There was a marked interindividual variability of overall
amount of these cells. They were rather homogeneously dis-
tributed throughout the cortex. Occasionally their numerical
density appeared to be higher in the vicinity of the glomeruli
and around arterioles, whereas the connective tissue sheath of
large arteries displayed only a very few CD 45-positive cells
(Fig. 1D). In the outer medulla (not shown) accumulations of
such cells were occasionally observed along some collecting
ducts and within some vascular bundles. In all animals their
density decreased along the inner medulla and they were scarce
in the papilla.
Inspection at higher magnifications disclosed the variety of
shapes of the CD-45 positive cells ranging from small and round
to large and markedly ramified, suggesting a heterogeneity of
cell types stained by this antibody (Fig. 1A).
To further discriminate among the mononuclear cells we
examined successive parallel sections labeled alternately with
the antibodies ED 2 and with antibodies (0X6) against MHC II
antigens. These antibodies presumably label macrophages (ED
2) [15] and antigen-presenting dendritic cells [11], respectively.
The ED 2 antibody, which recognizes a membrane antigen on
macrophages but that is absent from monocytes and dendritic
cells, bound to only a few cells in the peritubular space in the
cortex and in the medulla. Only occasionally was a positive cell
seen in a glomerular profile. The ED 2 positive cells were
numerous in the periarterial connective tissue sheaths of large
arteries (Fig. 1E) where CD 45 positive cells were rarely
encountered. ED 2 positive cells were frequent in the connec-
tive tissue of the pelvic wall (Fig. 1E). The cellular profiles of
ED 2-positive cells were usually very large and compact, with
rather fuzzy cell borders, sometimes displaying rather short
blunt processes.
The incidences of cells, expressing the MHC class II gene
product, and of cells expressing the the common leukocyte
gene, CD 45, within the peritubular space of the cortex and the
outer medulla was similar, suggesting that the large majority the
CD 45-positive cells were also positive for MHC II. Numerous
MHC II positive cells were found in the interstitium throughout
the cortex (Fig. lB). Within glomerular profiles MHC II posi-
tive cells were more frequently encountered than ED 2-positive
cells, whereas within the periarterial connective tissue MHC II
positive cells were less frequent than ED 2-positive cells. In the
outer medulla (Fig. 2A) the density of MHC II positive cells was
higher than in the cortex, and foci of very high cell density were
frequently found, showing a prevalent association with collect-
ing ducts. In the inner medulla (Fig. 2B) MHC Il-positive cells
were scarce and clearly less frequent than CD 45-positive cells.
At high magnification on thick cryostat sections (Figs. 2 C, D
and 3 B—D) the shape of most MHC Il-positive cells appeared
typically dendritic: the profiles were blurred, displaying a few
distinct long cytoplasrnic processes that gave rise to thinner
processes. The processes extended between and around tubules
and capillaries. A minority of cells appeared rather ovoid,
lacking visible processes. Such cells were generally found in the
vicinity of periarterial connective tissue sheaths. In 1 jsm
sections it was well apparent that these latter cells usually
stained weaker with the antibody than the ones with a clearly
Fig. 2. Distribution and shape of MHC lI-positive cells in the medulla.
Gold-labeling was done with silver enhancement, nuclear stain with
hematoxylin. A. Outer and inner stripe. B. Inner stripe and upper part
of inner zone. The approximate borders between the regions are
indicated by a broken line. MHC Il-positive cells are present in the
peritubular space of the outer and inner stripes of the outer medulla.
Occasionally they are accumulated along collecting ducts (arrows) and
their density decreases within the upper third of the inner zone. In the
deep inner zone they are not seen. C. Higher magnification of a MHC
H-positive cell within the inner stripe; T is a cell of the thick ascending
limb. D. Section across processes of MHC Il-positive cells situated
between a capillary endothelial cell (c) and interstitial cells (arrow) that
are spanned horizontally between adjacent tubules. Eight sm thick
cryostat sections; magnifications: A and B - 60 X; C and D — 1600 X;
bars = 100 and 10 m, respectively.
>.-'h 9
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Comparison of the interstitial distribution of ecto-5'-
nucleotidase expression and mononuclear antigens
Fig. 3. Profiles of interstitial cells in the peritubular space of the
cortex; gold-labeling with silver enhancement, nuclear stain with he-
matoxylin. A. Ecto-5'-nucleotidase positive fibroblast with an angular
pericaryon (arrow) and processes that irradiate from the angles and
extend along tubules and unstained capillaries (c); short arrow marks
the pericaryon of an endothelial cell. B-D. Different configurations of
MHC lI-positive cells. Note the presence of unstained cells in addition
to the specifically stained cells; in (B) a process of a MHC Il-positive
cell partly overlies the typically angular pericaryon (arrow) of an
unstained fibroblast; capillary walls (c) are always unstained by the
used antibodies. Eight m thick cryostat sections; magnifications: A—D
- 1600 x; bar = 10 tm.
dendritic shape. Intermediate forms between ovoid and frankly
dendritic were also seen.
In all renal zones and compartments (peritubular, periarte-
na!, glomeruli, pelvic wall) a small fraction of the CD 45-
positive cells was observed that displayed small sharply delim-
ited round or elongated profiles. Similar cells were apparent
neither with antibodies against ED 2 nor with antibodies against
MHC II. In the inner medulla these round CD 45-positive cells
were more frequent and were found at deeper levels than cells
reacting with ED 2 or 0X6. In double labeling experiments (see
below) with the monoclonal antibodies and ecto-5'-nucleotidase
(CD 73) a fraction of these CD 45-positive cells cells displayed
also the ecto-5'-nucleotidase.
Due to the superposition of cell bodies and of intricate cell
processes present at different levels in the thick sections, in a
rapid evaluation of labeling experiments with anti-CD 45 or
anti-MHC II antibodies the impression arose that practically all
interstitial cells were labeled with either antibody. However,
careful examination revealed numerous cells within the peritu-
bular and periarterial interstitial space in all renal zones that
bound to none of the antibodies used against mononuclear
antigens.
Within the peritubular space of the cortical labyrinth the
enzyme ecto-5'-nucleotidase is present in the cell membrane of
interstitial cells that are presumably fibroblasts [16]. Single
labeling with ecto-5'-nucleotidase again suggested that in the
cortical labyrinth almost all interstitial cells were positive for
this antigen (Fig. 1C).
Double labeling on semithin sections with antibodies against
ecto-5'-nucleotidase and MHC II (Fig. 4 A, B) revealed a clear
segregation of these antigens among interstitial cells. The same
applied for the antigen on macrophages (ED 2). We did not find
any cell displaying both antigens. A few small roundly shaped
cells, predominantly situated in the inner medulla, were posi-
tive for CD 45 and for ecto-5'-nucleotidase. The observation of
nuclei labeled with DAPI on sections double-labeled for ecto-
5'-nucleotidase and MHC II revealed that the vast majority of
interstitial cells displayed the one antigen or the other. Nuclear
profiles of endothelial cells that did not bind to any of the used
antibodies could be distinguished from the interstitial cells on
account of their different characteristic shape and chromatin
density.
The shapes of the MHC class II antigen positive cells and of
the ecto-5'-nucleotidase-positive cells were different. The MHC
class II antigen-positive cells displayed a plump large peri-
caryon with a few rather thick, occasionally tortuous ramified
cytoplasmatic processes and additional delicate filiform pro-
cesses. In contrast, the pericarya of ecto-5'-nucleotidase posi-
tive cells appeared to be sharply angular- or stellate-shaped
(Fig. 3 A, B and D). Their numerous spiny processes irradiated
from the angles of the pericaryon and formed a dense mesh-
work, spanning the interstitial space between capillaries and
tubules.
The spatial association of ecto-5'-nucleotidase- and MHC
Il-positive cell types was remarkably close (Figs. 3 and 4). The
larger processes of the ecto-5'-nucleotidase positive fibroblasts
often enveloped the pericaryon of MHC lI-positive cells. The
long fihiform processes of both cell types were often intricately
intertwined. The processes of the ecto-5'-nucleotidase positive
fibroblasts surrounded closely glomerular arterioles.
Thus, with respect to the antigen expression we discrimi-
nated the following four groups of cells: (1) cells that within the
cortex exclusively express ecto-5'-nucleotidase; (2) cells with a
high expression of MHC class II; (3) cells with a high expres-
sion of ED 2; and (4) cells expressing CD 45 and occasionally in
addition ecto-5'-nucleotidase (Table 1). Each of these four
groups was furthermore characterized by a specific morpholog-
ical appearance (Table 1). Taking into account both antigen
expression and morphology, the cells within the four groups
were identified as: (1) fibroblasts; (2) dendritic cells; (3) macro-
phages; and (4) lymphocytes, respectively. These four cell
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FIg. 4. Simultaneous labeling of interstitial cells in the renal cortex with antibodies directed (A) against MHC II, binding revealed with a
FITC-labeled secondary antibody, and (B) against ecto-5'-nucleotidase, binding revealed with a biotinylated secondary antibody and avidin-Texas
red on the same section. The labeling pattern of each antibody is exclusive; some of the MHC 11-positive profiles (thin long arrows) and of the
ecto-5'-nucleotidase positive profiles (short arrows) are indicated in both views. Abbreviations are: a, afferent arteriole; c, nucleus of capillary
endotheiial cells; D, distal tubule; all other tubular profiles are proximal tubules of which the brush border binds to antibodies against
ecto-5'-nucleotidase. One sm cryostat section; magnifications: 1600 X, bar = 10 m.
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Table 1. Characterization by morphology and antigen expression of
renal interstitial cell types of healthy Wistar rats
Shape of pericaryon
and of cell processes
Antigen
SNT(CD 73) CD 45 MHC II ED 2
Angular, stellate -1-I+++ ND ND ND
large thin leaflets
Rounded, long ND + ++/+++ (+)
dendritiform
Large compact, ND (+) (+) +++
fuzzy thick short
Small frankly round, (+) +/++ ND ND
absent
Abbreviations are: 5NT, ecto-5'-nucleotidase = CD 73; MHC II,
MHC class II gene product; ED 2, antibody recognizing a membrane
protein of macrophages; CD 45, common leukocyte antigen; +, + +,
+ + +, semiquantitative assessment of the immunoreactivity on positive
cells; (+), occasionaly positive; ND, antigen not detected.
Table 2. Distribution of interstitial cell types in the renal cortex
Cell type
Peritubular
labyrinth
Peritubular
medullary ray Periarterial Glomeruli
Fibroblasts 5NT+ +++ (+) 0 0
Fibroblasts 5NT— (+) +++ +++ 0
Dendritic cells + + + + + +
Macrophages (+) (+) + + +
Lymphocytes + + + +
Abbreviations are: 0, (+), +, ++, +++: no, occasional, low,
moderate and high incidence of cell types, respectively; 5NT+, 5NT—,
ecto-5'-nucleotidase-positive and -negative fibroblasts, respectively.
types had also specific distribution patterns in the kidney
(Tables 2 and 3).
Electron microscopy
Ultrathin sections from pre-embedding immunolabeling ex-
periments examined in transmission electron microscopy con-
firmed the segregation of antigens on different cell types (Figs.
5, 6 and 7). It also allowed the distinction of the four cell types
on account of morphological features.
The morphological characteristics of dendritic cells and of
fibroblasts in the cortex appear quite similar at a first glance.
The discrimination of these cell types in the electron micro-
scope was therefore greatly facilitated by the antibodies against
the MHC II antigen and against the ecto-5'-nucleotidase. This
allowed the clear recognition of distinctive ultrastructural fea-
tures of the two cell types.
The fibroblasts in the peritubular space (Fig. 5) showed very
similar ultrastuctural features in all regions of the cortex and of
the outer medulla, although they expressed ecto-5'-nucleotid-
ase only in the cortical labyrinth. They possessed a large often
stellate shaped pericaryon with rather marked angles. The
numerous large cytoplasmic extensions most often originated
from these angles. The pericaryon was almost completely
occupied by the nucleus that often extended a short distance
into the cytoplasmatic processes (Fig. 5 A, B). Characteristic
large depressions in the pericaryon appearing sometimes as
round holes within the nucleus were commonly observed,
whereby the cell membrane came close to the nucleus (Fig. 5A,
B). Extracellular bundles of collagen fibrils were often accumu-
lated in cytoplasmic concavities (Fig. 5C). The abundant and
generally long profiles of rough endoplasmatic reticulum dis-
Table 3. Distribution of interstitial cell types in the kidney
Cell type Cortex Outer stripe Inner stripe Inner zone
Fibroblastsa ++ + ++ ++
Dendritic cells ++ + ++/+++ +b
Macrophages
Lymphocytes
+
+
+
+
+
+
(+)
+b
Abbreviations are: 0, (+), +, ++, +++: no, occasional, low,
moderate and high incidence of cell types, respectively.
a Ecto-5'-nucleotidase-positive and -negative fibroblastsb The incidence decreases form the transition inner stripe-inner zone
towards the tip of the papilla
played a marked variability in the width of the lumen (Fig. 5E).
In sections the cytoplasmic extensions appear as long thin
profiles that probably correspond to thin leaflets. In local
widenings of these processes accumulations of mitochondria
and/or of cisternes of rough endoplasmic reticulum and of Golgi
vesicles were present (Fig. SB, 6D, insert). In addition to the
cytoplasmic leaflets fihiform thin, electron-dense processes
without any cell organelles appeared in cross sections as tiny
round profiles. The cytoplasmic leaflets often extended along
tubules and closely enveloped capillaries. At sites of contact
with the respective basement membranes the cytoplasm of the
fibroblasts processes was densely stuffed with bundles of stress
fibers (Fig. SA). Furthermore, the processes extended along
glomerular arterioles (Fig. 4B, 5B) and revealed narrow asso-
ciation to nerve endings (Fig. SB) and dendritic cells (Fig. SC,
Fig. 6). Specialized junctions were sometimes observed be-
tween the processes of fibroblasts (Fig. SD).
The distiction between fibroblasts and dendritic cells was the
most apparent when comparing the pericaryon of both cell
types. In dendritic cells the nucleus usually was rounded (Fig.
6), sometimes with deep, narrow indententions, did not pro-
trude into the cytoplasmatic processes, and displayed extended
areas of dense heterochromatin (Fig. 6A). In contrast to fibro-
blasts, the nucleus was surrounded by a rather large rim of
cytoplasm containing short profiles of mitochondria and char-
acteristic profiles of endoplasmic reticulum (Fig. 6B). These
latter were often irregularly lined by ribosomes and displayed
usually narrow lumina of regular width (Fig. 6C). Often the
profiles of MHC Il-positive cells displayed irregularly-shaped
holes (caveolae) at their periphery that probably represented
small cytoplasmic depressions (Fig. 6 A, C). In contrast to
fibroblasts these latter were never found in immediate vicinity
to the nucleus. Clathrin-coated pits in the cellular membrane
were frequently encountered (Fig. 6C). The cytoplasmatic
processes appeared mostly blunt and were heavily ramified
(Fig. 6D). Large processes were sometimes densely stuffed with
mitochondria. The small fihiform processes of the MHC II-
positive cells did not display any cell organelles and had similar
dimensions as the fihiform processes of the fibroblasts. How-
ever, all processes of dendritic cells could be distinguished from
those of fibroblasts by their less electron-dense cytoplasm (Fig.
6 D, E). Junctions between processes of dendritic cells were not
observed. The processes made no morphologically specialized
contacts with either tubules or capillaries, and were devoid of
the bundles of microfilaments that were characteristic for and
contributed to the dense aspect of processes of fibroblasts (Fig.
S A, E). However, the intimate spatial association of the
dendritic cells with ecto-5'-nucleotidase positive cells, and an
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Fig. 5. Fjbroblasts in the cortical labyrinth and their relationship to other structures. The nucleus in the perycaryon is surrounded by a thin
cytoplasmic rim and protudes into cytoplasmic processes (arrows); the Golgi apparatus (G) is well developed and the processes exhibit numerous
cisterna of endoplasmic reticulum that are usually rather large. A. Fibroblast processes contact with plate-like "pedicles" (arrowheads) the
basement membrane of a proximal tubule (PT) and of a capillary (c). Inserts are higher magnifications of the "pedicles" which are densely stuffed
with filaments. B. Fibroblast in the vicinity of an afferent arteriole. One process is in narrow association with nerve fibers (N) and the irregularly
shaped, ramfied process is in close proximity of a muscle cell (M) of the afferent arteriole. C. Narrow spatial association of a fibroblast with
processes of dendritic cells (asterisks); C—collagen fibers. D. Junction (arrowhead) between two fibroblast-processes, that are labeled by 5 nm gold
particles for ecto-5'-nucleotidase; c—capillary; asterisks are unlabeled processes of dendritic cells. E. Higher magnification of the fibroblast
cytoplasm with characteristic long, large cisterna of rough endoplasmic reticulum, densely studded with ribosomes; polyribosomes are numerous
within the cytoplasm. Arrowhead is cross sectioned part of a thin process, filled with electron dense filaments. Magnifications are: A and C —l 1,800
X, inserts: — 23,100 X; B - 9,900 X; D — 24,000 X; E — 41,000 X; bars in A-E = 1 pm; in the inserts = 0.5 j.rm.
intricate intermingling of their processes, was striking in elec-
tron microscopy (Fig. 6D) as well as in light microscopy (Fig.
2). Parts of dendritic cells seemed to be enclosed in cavities of
fibroblasts (Figs. 5C, 6E).
According to the above-mentioned respective ultrastructural
characteristics of the ecto-5'-nucleotidase positive fibroblasts
and of the MHC IT-positive dendritic cells, it was possible to
identify the two groups of cells in sections of tissue samples
processed for routine electron microscopy without immunola-
beling. The routine processing results in a better preservation of
the ultrastructure than the one used for immunolabeling.
Among the four cell types in the peritubular interstitium
lymphocytes and macrophages are easily recognizable. Lym-
phocytes (Fig. 7 B, C) were distinguished on account of their
usually round nucleus, displaying extensive heterochromatin
condensations and of the paucity of cell organelles included in
their cytoplasm. Occasionally the limiting membrane of such
cells displayed ecto-5'-nucleotidase. Sometimes lymphocytes
with thick cytoplasmic processes were encountered (Fig. 7C),
however, the dimensions of these processes were always con-
siderably larger than those of dendritic cells, and they were not
vacuolated. Macrophages (Fig. 7A) were characterized by their
large cell body with large, plump but rather short processes, the
abundance of small endocytotic vesicles, numerous large vac-
uoles and by their equipment with numerous primary and
secondary lysosomes.
Discussion
The present study was devoted to the identification and
description of interstitial cells in the renal cortex of the normal
rat. Because renal dendritic cells cannot be easily discriminated
from fibroblasts on the basis of morphological criteria and
because the morphology of of renal dendritic cells has not been
precisely described before, we gave particular consideration to
those two cell types in the peritubular space.
The data suggest that fibroblasts and dendritic cells represent
the bulk of interstitial cells in the cortex. In untreated, presum-
ably healthy animals, dendritic cells appear to be less frequent
than fibroblasts in the renal cortex, although their incidence
varies strongly from one animal to the other. Although specific
antigens (MHC class II and ecto-5'-nucleotidase) were very
helpful for the identification of dendritic cells and of fibroblasts,
a discrimination was found to be possible in electron micros-
copy by morphological criteria alone. Macrophages, identified
by their membrane antigen ED 2, which is absent on dendritic
cells, monocytes and granulocytes [15], were almost exclu-
sively present in the perivascular connective tissue sheath
around large arteries (arcuate arteries) and within the pelvic
wall. A few lymphocytes were encountered in glomeruli and in
the interstitium at all levels of the kidney [16]. These results
largely confirm the findings of several groups who previously
used the antibodies OX 1, 0X6 and ED2 for the identification of
bone-marrow-derived cells in the rat kidney. The MHC class II
antigen has been detected in an abundant cell population of the
peritubular interstitium and occasionally in glomerular cells [9,
17—21]. The low incidence of macrophages detected by ED2 has
also been previously noted [20]. However, a description of the
morphology and of the distribution of the various interstitial cell
types using a set of specific markers and well preserved,
perfusion-fixed, tissue has not been undertaken before.
The morphological characteristics of renal fibroblasts as
described in the present study confirm previous data [1, 5—9].
The intercellular junctions, even though their nature remains
unknown, suggest that these cells are resident and that they
build a network across the whole interstitium. This fits with
their role as "sustentacular cells" [8], that is, in maintaining the
three-dimensional architecture of the tissue. The dense stuffing
of the processes with bundles of microfilament (stress fibers) at
sites where they are anchored in the basement membrane of
capillaries and of tubules is also suggestive of such a role. The
three dimensional organization of these cells with thin, perfo-
rated leafs, extending between tubules and capillaries, and
enveloping often so-called "free cells" has been marvelously
well revealed in scanning electron preparations by Takahashi-
Iwanaga [81. The widened saccules of rough endoplasmatic
reticulum and the prominent Golgi apparatus might reflect the
synthesis of proteins of the extracellular matrix. Recently, it
has been demonstrated that the ecto-5'-nucleotidase positive
fibroblasts in the cortical labyrinth are the site of erythropoietin
production [22]. The regularly occurring contacts of these
fibroblasts with tubules, capillaries, arterioles, nerves and cells
of the immune system emphasize the central role of these cells
in regulative and pathological mechanisms in the kidney.
In many respects the cortical fibroblasts resemble closely the
type 1 interstitial cells of the papilla, as described in detail by
Bohman [10]. The similarities concern, for instance, the shape
of the cells and of the nuclei, the intimate contacts with tubules
and vessels, the intercellular junctions, the high content of
microfibrils, and the extent and the aspect of the endoplasmatic
reticulum. Abundant lipid inclusions constitute the only obvi-
ous distinctive feature of the interstitial cells of the papilla.
Thus the latter probably constitute a subpopulation of renal
fibroblasts.
Although the presence of interstitial cells with a strong
expression of MHC II has been repeatedly demonstrated in the
kidneys of rodents [9, 17—20], the morphology of these cells in
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Fig. 6. Dendritic cells in the cortical labyrinth. A. Pericaryon of a MHC Il-positive cell; nuclear heterochromatin condensations are more
extensive than in fibroblasts. Insert: higher magnification of the outlined area in order to show the labeling by 5 nm gold particles for MHC II on
the surface of the dendritic cell. Arrowheads are 15 nm gold particles revealing binding sites for ecto-5'-nucleotidase on the pericaryon (F) and
processes of fibroblasts. B. Cytoplasm of the pericaryon of the same cell as shown in A, in a consecutive section. It displays some profiles of
mitochondria and a few long narrow profiles of endoplasmic reticulum. C. Detail of a gold labeled dendritic cell with some short dilated
(arrowheads) and a few narrow long profiles of endoplasmic reticulum that relatively often display areas without coating of ribosomes (open
arrows). Polyribosomes are absent; the long arrows point to clathrin-coated pits. c represents caveolae that usually open to the cell surface; F is
fibroblast. D. Processes of dendritic cells (asterisks) and of fibroblasts (short arrows). The latter are labeled with S nm gold particles (shown in
insert) for ecto-5'-nucleotjdase, and dendritic cells are unlabeled. The processes of both cell types are distinguishable from each other by their
different cytoplasmic density and their different aspects of profiles of endoplasmic reticulum. c is capillary; fibroblast processes may contain some
golgi vesicles (see insert) in addition to numerous polyribosomes and large profiles of rough endoplasmic reticulum. E. Part of a dendritic cell,
almost fully enclosed by a fibroblast; the short arrow points to an electron-dense fihiform process of a fibroblast. Magnifications are: A, B, D -
14,000 X; C — 34,500 X; E - 17,000 X; insert in A: — 60,000 X; in D — 33,500 X; bars = I m.
the kidney has not been described in detail before. Our mor-
phological data show that the strongly MHC Il-positive cells in
the kidney of healthy rats constitute a population distinct from
other interstitial cells like fibroblasts, macrophages and lym-
phocytes. Their shape, revealed by immunostaining of thick
cryostat sections, was distinctly dendritic. This and their uni-
formly high level of expression of the MHC II antigen makes it
likely that a subpopulation of renal interstitial cells is identical
with the dendritic cells described in various tissues [11]. These
cells of bone marrow origin turn over between nonlymphoid
organs where they capture and present antigens, and lymphoid
organs where they activate T cells [11]. A turnover of renal
MHC Il-positive cells has been observed in experiments in rats
as well after renal transplantation in humans. After renal
transplantation the grafted kidney becomes penetrated by MHC
Il-positive cells from the recipient [23]. Likewise, after deple-
tion of the renal MHC TI-positive cells in rats by whole body
irradiation and subsequent bone marrow transplantation, a
repopulation of the kidney by cells of donor origin takes place
[17, 21]. The morphology of dendritic cells revealed in the
present study by light and electron microscopy is actually
suggestive of the possibility of migration. The cytoplasmic
processes that resemble pseudopodes display neither morpho-
logically specialized regions of contact with tubules or with
capillaries nor intercellular junctions. The relatively scarce
rough endoplasmatic reticulum does not suggest a role of those
cells in the production of extracellular matrix. The poor devel-
opment of the lysosomal system and the relative abundance of
mitochondria allow a clear distinction from the macrophages
and lymphocytes, respectively, which constitute further popu-
lations of migrating mononuclear cells. On the basis of pheno-
typical analysis other authors also came to the conclusion that
dendritic cells are abundant in the rat kidney [18—20]. This fact
has to be taken into consideration if, for instance, the occur-
rence of interstitial cells is estimated using a specific marker,
such as ecto-5'-nucleotidase, the signal for mRNA of erythro-
poietin or MHC class II antigen on one hand, and on the other
hand the nuclear number. The latter will always give higher
values than that of the one or other immunocytochemically-
defined cell population.
The cells that are characterized in light microscopy by
simpler large shapes than dendritic cells with variable, generally
weak, expression of the MHC II antigen and a prevalent
localization in the perivascular connective tissue might repre-
sent macrophages. The antibody ED2, a specific macrophage
marker [15], actually recognized a cell population with an
almost exclusive perivascular localization. A further character-
Fig. 7. Macrophage and lymphocytes in the cortex. A. Macrophage
from the periarterial tissue; numerous large lysosomes (L) and abun-
dant small endocytotic vesicles (arrowheads) in the cytoplasm of the
pericaryon and of the thick process characterize this cell type. B. Small
profile of a lymphocyte. C. Lymphocyte with a thick process. Cell
organelles are absent within the cytoplasm; both lymphocytes are
weakly labeled with 5 nm gold particles for the ecto-5'-nucleotidase
(small arrowheads). Magnifications are: A and B — 16,200 X; C —
13,500X; bars = I m.
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istic of ED2-positive cells was the strikingly large size of their
pericaryon. They may correspond to those cells that show a
high amount of lysosomes, vesicles and vacuoles in electron
microscopy. Considering the very low incidence of ED2-posi-
tive cells in the peritubular interstitium one might suspect that
antibody to recognize only a subpopulation of macrophages.
However, cells with the typical ultrastructural features of
macrophages were actually only rarely found outside of the
perivascular connective tissue.
The clear topographical separation of macrophages and den-
dritic cells in the kidney of healthy rats might represent a
difference in the pathways of recruitment. Macrophages might
penetrate the renal parenchyme via the connective tissue of the
renal pelvis where they were found in large amounts. The
perivascular connective tissue, which represents the almost
exclusive site of distibution of macrophages in the rat renal
cortex, is in continuity with the pelvic connective tissue [24].
Dendritic cells, which are rather homogeneously distributed in
the peritubular interstitium but absent from perivascular con-
nective tissue, might enter the parenchyme from the blood,
where they occur as veiled cells [11], across the endothelium of
peritubular capillaries.
Macrophages and lymphocytes produce cytokines (such as
PDGF, TGF, FOF) that elicit fibrogenesis [25]. The very low
incidence of those cell types in the peritubular interstitium of
healthy rats suggests that fibroblasts and tubular cells are not
normally exposed to their products.
Much has to be done to understand the roles of the intersti-
tium in normal renal function as well as in renal diseases. A
phenotypic analysis of the different interstitial cell types in
terms of cytokine production, of cytokine receptors and of
cellular adhesion molecules, for instance, seems of great impor-
tance. Morphological criteria of discrimination among the inter-
stitial cell populations might prove to be very useful in that
respect.
Acknowledgments
These studies have been supported by the Swiss National Founda-
tion, Grant no. 31-34010.92. We thank Ms. Lea Kiflusli and Margrit
Muller for technical and photographical assistance, respectively.
Reprint requests to Brigitte Kaissling, M.D., Anatomisches Instilut,
Winterthurerstr. 190, CH-8057 Zurich, Switzerland.
References
1. LEMLEY Ky, Kiuz W: Anatomy of the renal interstitium. Kidney
In: 39:370—382, 1991
2. WOLF G, NEILSON EG: Molecular mechanisms of tubulointerstitial
hypertrophy and hyperplasia. Kidney mt 30:401—420, 1991
3. 'FISHER CC, MADSEN KM: Anatomy of the renal interstitium, in
Nephrology, Proceedings of the Xth International Congress of
Nephrology, edited by DAVIDSON A, London, Baillière Tindall,
1988, p. 587
4. BOHLE A, MACKENSEN-HAEN S, VON GISE H: Significance of
tubulointerstitial changes in the cortex for the excretory function
and concentration ability of the kidney: A morphometric contribu-
tion. Am J Nephrol 7:421—433, 1987
5. Lrsor. TS: An electron microscope study of the postnatal devel-
opment of the hamster kidney. With particular reference of the
intertubular tissue. Lab Invest 10:466—480, 1961
6. ROMEN W, THOENES W: Histocytäre und fibrocytare Eigen-
schaften der interstitiellen Zellen der Nierenrinde. Virchows Arch
5:365—375, 1970
7. BULGER RE, NAGLE RB: Ultrastructure of the interstitium of the
rabbit kidney. Am J Anal 136:183—204, 1973
8. TAKAHASHI-IWANAGA H: The three-dimensional cytoarchitecture
of the interstitial tissue in the rat kidney. Cell Tissue Res 264(2):
269—260, 1991
9. SUNDELIN B, BOHMAN SO: Postnatal development of the intersti-
tial tissue of the rat kidney. Anal Embryol 182:307—317, 1990
10. BOHMAN S-0: The ultrastructure of the renal medulla and the renal
interstitial cells, in The Renal Papilla and Hypertension, edited by
MANDAL AK, BOHMAN S-0, New York, London, Plenum Medical
Book Company, 1993, p. 7
11. STEINMAN RM: The dendritic cell system and its role in immuno-
genicity. Annu Rev Immunol 9:271—296, 1991
12. DAWSON TP, GANDHI R, LE HIR M, KAISSLING B: Ecto-5'-
nucleotidase: localization in rat kidney by light microscopic histo-
chemical and immunohistochemical methods. J Histochem Cy-
tochem 37:39—47, 1989
13. GANDHI R, LE HIR M, KAISSLING B: Immunolocalization of
ecto-5'-nucleotidase in the kidney by a monoclonal antibody.
Histochemistry 95:165—174, 1990
14. KELLER R, JOLLER PW, KEIST R: Surface phenotype of rat bone
marrow-derived mononuclear phagocytes. Cell Immunol 120:277—
285, 1989
15. DIJKSTRA CD, DO EA, JOLING P, KaAL G: The heterogeneity of
mononuclear phagocytes in lymphoid organs: Distinct macrophage
subpopulations in the rat recognized by mononuclear antibodies
ED1, ED2 and ED3. Immunology 54:589—599, 1985
16. LE HIR M, KAISSLING B: Distribution of 5'-nucleotidase in the
renal interstitium of the rat. Cell Tissue Res 258:177—182, 1989
17. GURNER AC, SMITH J, CATTEL V: The origin of Ia antigen
expressing cells in the rat kidney. Am J Pathol 127:342—388, 1987
18. LECZYNSKY D, RENKONEN R, HAYRY P: Localization and turnover
rate of renal dendritic cells. Am J Anal 21:355—360, 1985
19. SPENCER SC, FABRE JW: Characterization of the tissue macro-
phage and the interstitial dendritic cell as distinct leukocytes
normally resident in the connective tissue of rat heart. J Exp Med
171:1841—1851, 1990
20. STEIN-OAKLEY AN, JABLONSKI P. Kitvr N, BIGUZAS M,
HOWARD BO, MARSHALL VC, THOMSON NM: Differential irradia-
tion effects on rat interstitial dendritic cells. Transplant Proc
23:632—634, 1991
21. HART DNJ, FABRE JW: Major histocompatibility complex antigens
in rat kidney, ureter, and bladder. Transplantation 31:318—325,
1981
22. BACHMANN S, LE HIR M, ECKARDT K-U: Co-localization of
erythropoietin mRNA and ecto-5'-nucleotidase immunoreactivity
in peritubular cells of rat renal cortex indicates that fibroblasts
produce erythropoietin. J Histochem Cytochem 41:335—341, 1993
23. ALPER5 CE, BECKSTEAD JH: Monocyte/macrophage derived cells
in normal and transplanted human kidneys. Clin Immunol Immu-
nopathol 36: 129-140, 1985
24. KRIZ W, KAISSLING B: Structural organization of the mammalian
kidney, in The Kidney. Physiology and Pathophysiology, edited by
SELDIN DW, GIEBISCH G, New York, Raven Press, Ltd., 1993, p.
707
25. KuNclo GS, NEILSON EG, HAVERTY T: Mechanisms of tubuloint-
erstitial fibrosis. Kidney Ira 39:550—556, 1991
